Abstract: Severe sepsis remains the leading cause of mortality in the critically ill. Local epidemiological studies on sepsis are of paramount importance to increase our knowledge about sepsis features and to improve patient care and prognosis.
INTRODUCTION

D
espite the advances in medical therapeutics, severe sepsis and septic shock remain the leading cause of morbidity and mortality in intensive care units (ICUs). 1, 2 There have been a number of studies reporting the incidence, characteristics, and outcome of severe sepsis and septic shock from different regions and countries. [3] [4] [5] [6] Not surprisingly, the incidence and mortality rates widely vary throughout the world, and significant differences in the pattern of causative micro-organisms and infection sites have been observed. 7 These facts reflect the importance of local epidemiological studies on sepsis to increase our knowledge about sepsis features in different areas and healthcare systems in order to improve patient care and prognosis. 8 In Taiwan, a recent population-based study demonstrates that the incidence rate of severe sepsis increased from 135 per 100,000 in 1997 to 217 per 100,000 in 2006. 9 During the same period, although the proportion of patients with multiorgan dysfunction increased from 11.7% in 1997 to 27 .6% in 2006, the hospital mortality remained largely unchanged, averaging 30.8%. 9 However, there is little, if any, information on the demographics and outcome of severe sepsis and septic shock in a specific geographical region of Taiwan. In the present work, we conducted a retrospective descriptive study to evaluate the characteristics, outcome, and prognostic factors in patients with severe sepsis and septic shock in the northern Taiwan. As epidemiology and surveillance data significantly differ between medical and surgical ICU patients, 10 we further specifically focus on events in the surgical ICUs.
METHODS
Study Subjects
This retrospective descriptive study was conducted in the National Taiwan University Hospital, a tertiary referral center in the northern Taiwan. From 2009 to 2010, all patients admitted to the surgical ICUs were eligible for this study. The inclusion criteria were as follows: age !20 years, and an admission diagnosis of severe sepsis or septic shock. Severe sepsis and septic shock were defined according to the Surviving Sepsis Campaign guidelines. 11 In brief, severe sepsis was defined as sepsis plus sepsis-induced organ dysfunction or tissue hypoperfusion and septic shock was defined as sepsis-induced hypotension persisting despite adequate fluid resuscitation. If a patient was admitted to the ICUs more than once, only the first episode of severe sepsis or septic shock was counted. This study was approved by the Research Ethics Committee of the National Taiwan University Hospital and the need for informed consent was waived.
Data Collection
Data were collected by a single experienced data collector using standardized forms. The following information was retrieved: demographics, body mass index, comorbidities, Charlson comorbidity index, 12 no. of systemic inflammatory response syndrome (SIRS) met, 13 sequential organ failure assessment (SOFA) score, 14 smoking status (smoker or exsmoker vs never-smoker), admission category (surgical scheduled vs surgical unscheduled vs medical), surgical procedure (neurosurgery vs thoracic surgery vs cardiovascular surgery vs general surgery), sites of infection, causative micro-organisms, and sepsis-associated complications (septic shock, dialysisrequiring acute kidney injury and need for invasive mechanical ventilation). The SOFA score was determined at the time of ICU admission. Surgical admissions were defined as surgery 2 weeks preceding ICU admission. Unscheduled surgery was defined as an operation performed 24 h of onset of symptoms or injury. Considered comorbidities included the presence of diabetes mellitus, chronic obstructive pulmonary disease, malignancy, liver cirrhosis, congestive heart failure, coronary artery disease, chronic kidney disease, and cerebrovascular disease. Sepsis-associated complications were counted if they occurred 7 days of ICU admission. The main outcome measure of interest was 28-day mortality.
Statistical Analysis
Data were analyzed using the SPSS 15.0 software program (SPSS Inc., Chicago, IL). Data were reported as the mean AE stanstandard deviation or no. (%), as appropriate. Categorical variables were compared by the chi square or Fisher's exact test when necessary. The Student t test was applied to analyze continuous variables. Multivariate logistic regression analysis was used to determine independent predictors for 28-day mortality. Those variables with a P value of < 0.05 in the univariate analysis were entered into the multivariate model. A 2-tailed P value of < 0.05 was considered statistically significant.
RESULTS
Characteristics of The Study Population
Among 7795 patients admitted to the surgical ICUs during the study period, 536 (6.9%) had severe sepsis and constituted the study population ( Figure 1 ). Clinical characteristics of our patient population stratified by 28-day mortality are shown in Table 1 . The average age of patients with severe sepsis was 64.3 years and about two-thirds of them were men. The mean SOFA score and Charlson comorbidity index were 7.8 and 7.5, respectively. The majority of patients had surgery, either scheduled or unscheduled, prior to ICU admission, and general surgery was the most commonly performed surgical procedure. Respiratory failure needing mechanical ventilation, septic shock, and acute kidney injury requiring dialysis were observed in 73%, 63%, and 32% of the severe sepsis patients. Compared with 28-day survivors, nonsurvivors had a higher SOFA score and were more likely to develop septic shock and be placed on mechanical ventilation.
Etiology and Site of Infection
The respiratory tract (38%) and abdomen (33%) were the most frequent sites of infection (Table 2 ). In the 28-day nonsurvivors, intra-abdominal infection seemed more common than in survivors. Micro-organisms were identified in only half of the study population and 62 (12%) patients had polymicrobial infection ( Table 3) . Out of 269 patients with documented microbiological results, Gram-negative bacteria, Gram-positive bacteria, and fungi were isolated in 65%, 25%, and 10% of the severe sepsis patients. The most prevalent species were Klebsiella pneumoniae (8.6%), Escherichia coli (6.0%), Acinetobacter baumannii (5.6%), Pseudomonas aeruginosa (5.4%), and Enterococcus species (4.5%). The distribution of infecting microorganisms was not significantly different between survivors and nonsurvivors.
Outcome and Its Predictors
The overall 28-day mortality rate was 61%. The multivariate analysis of patient variables and 28-day mortality are shown in Table 4 . Patient characteristics associated with increased mortality were a higher SOFA score and the need for mechanical ventilation. On the contrary, ICU admission after surgery, particularly neurosurgery, was associated with a reduced risk of mortality.
DISCUSSION
The objective of this descriptive study was to provide representative data on the incidence and mortality of severe sepsis in the surgical ICUs in northern Taiwan, and the main findings were summarized as follows. First, the incidence of severe sepsis was 69 per 1000 surgical ICU admissions in this study period. Second, respiratory tract infection and intraabdominal infection were the most common sites of infection. Third, Gram-negative bacteria accounted for the majority episodes of severe sepsis, with predominant micro-organisms being K. pneumoniae and E. coli. Lastly, the patients with severe sepsis had a 28-day mortality rate of 61%, and a higher SOFA score and the need for mechanical ventilation were independent risk factors of death.
Previous studies have shown that the incidence rates of severe sepsis in ICUs ranged from 4.3% to 27%. [15] [16] [17] Although the incidence of severe sepsis in our surgical ICUs was comparable to the reported data, it was undoubted that severe sepsis incidence varied significantly from place to place and from time to time. 7 Moreover, patient characteristics are different among medical, surgical, or mixed ICUs. Thus, it is important for each ICU to access its own sepsis epidemiology and establish a management policy for patients with severe sepsis. Of note, the relatively lower incidence rate in this study may be explained by the strict inclusion criteria and characteristics of the total patient population. We only enrolled patients diagnosed with severe sepsis or septic shock on ICU admission and did not exclude those who stayed in the ICU for <24 h for routine postoperative observation as the whole study population.
Our data showed that the respiratory tract, abdomen, and wound and soft tissue accounted for >80% of patients with severe sepsis, and the respiratory tract was the principal source of infection, in accordance with the reports from several epidemiological studies of severe sepsis. 5, 15, 18 Although respiratory tract infection increased over time and has been associated with the highest mortality, 19,20 our results did not show a significant difference in 28-day mortality between sites of infection. In the present work, microbial isolates were obtained in only 50% of patients with severe sepsis and 12% of the episodes were polymicrobial. Both the figures were lower than those reported in the literature. The isolation rates were 60% to 70% and 16% to 55% of severe sepsis were associated with multiple microorganisms in other studies. 5, 10, [21] [22] [23] [24] The case definition in this study may explain the discrepancy. Our patients had established severe sepsis or septic shock at the time of ICU admission, and this indicates that the culture specimens were mainly collected outside the ICU setting. In this way, a number of specimens may not be retrieved in a timely manner, more specifically, prior to antimicrobial administration. As we know, antibiotic therapy is anticipated to decrease the yield of cultures. 25 The analysis of microbial characteristics of severe sepsis in this study showed that Gram-negative bacteria were the most common pathogens in severe sepsis, and the information was quite different from prior reports that Gram-positive bacteria were predominant. 1, 5, 26 However, our microbial patterns were consistent with some studies in Asia; Tanriover et al 27 and Zhou et al 3 also reported that Gram-negative bacteria were isolated in >60% of sepsis patients. The reason for the diverse microbiological patterns of severe sepsis is probably a result of complex interactions involving the characteristics of the patient population, institutional infection control measures, hospital policies for antimicrobial therapy, invasive interventions, and healthcare quality provided. In addition, K. pneumoniae was the most prevalent pathogen in severe sepsis in this study, a finding reflecting the local-regional microbiological epidemiology. In Taiwan, K. pneumoniae is the major cause of liver abscess, brain abscess, lung abscess, thoracic empyema, prostatic abscess, deep neck infection, and complicated skin and soft tissue infection. [28] [29] [30] In short, the results of this study may direct empirical antimicrobial therapy and draw attention to the importance of individual ICU sepsis guidelines.
Respiratory failure and septic shock were observed in >60% of the study subjects and were significantly more common in nonsurvivors than in survivors. In the multivariate model, need for mechanical ventilation was an independent risk factor for sepsis mortality. Previous studies have demonstrated that the use of mechanical ventilation was associated with increased disease severity and long-term mortality. 31, 32 It is speculative that mechanical ventilation per se may not only precipitate pre-existing lung injury, but contribute to the development of multiorgan dysfunction syndrome. 33, 34 Therefore, our finding emphasizes the prognostic role of the application of mechanical ventilation in severe sepsis and reminds clinicians of the downsides of invasive ventilatory support.
The outcome of severe sepsis patients varies considerably across different studies. In the past 2 decades, the observed 28-day mortality rates ranged from 13% to 61%, 35, 36 with a pooled mortality of 33%. 37 In comparison, the mortality rate of 61% in patients with severe sepsis and septic shock in the present study was higher than that in most studies. A number of factors can explain the difference, such as the patient age, variation in the definition of severe sepsis, comorbidities, sites and types of infection, involved microorganisms, principles of antimicrobial therapy, severity of organ dysfunction, and standard of sepsis care. Several lines of evidence indicate a declining trend in severe sepsis mortality despite the absence of novel sepsis therapeutics. 6, 37 The reason behind this observation may be due to the improved care process, including early antimicrobial administration, 38 adherence to early goal-directed therapy, 39 and application of lung-protective ventilatory strategy. 40 Accordingly, so-called standard of sepsis care may contribute to the wide range of mortality rates in various studies. However, this important confounding factor is hard to access from the literature. Our study has some limitations. First, the generalizability of the single-center experience is limited, but we intend to establish local-regional epidemiology of severe sepsis to improve our understanding and patient care. Second, we studied only patients with severe sepsis and septic shock on ICU admission, but did not include those developing severe sepsis during the ICU stay. In this way, the composition of our study population is more homogeneous and we can provide more specific information to clinicians about severe sepsis, who will accommodate these critically ill patients.
In conclusion, the present study shows that severe sepsis was not an uncommon event in surgical ICUs in northern Taiwan and was frequently associated with a fatal outcome. Respiratory tract infection and intra-abdominal infection were predominant sources of severe sepsis, and Gram-negative bacteria, particularly K. pneumoniae, were the major causative micro-organisms. The use of mechanical ventilation in severe sepsis patients was associated with worse prognosis. Undoubtedly, severe sepsis remains an important public health issue, and establishment and optimization of each ICU's sepsis care standard to improve the outcome of sepsis are warranted.
